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Energy Market Dynamics

Global renewable industry growing,
but faces challenges

Public policy evolving—mostly local

Figure 2. Gobal GOP Growth
(Percent; quarner over quarter, ammualized)

Unconventional gas a growing focus
with geographic disparities

Infrastructure investments will be
made, must focus on flexibility

Technology is creating a platform for
disruptive change

Updated 3/13/2015
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A Profound Transformation is Required

Today’s Unsustainable Future Sustainable
Energy System Energy System

TRANSFORMATION
* Limited fuel diversity Diverse supply options
 Subject to price volatility Affordable, stable and reliable
* Inefficient and rigid Efficient and flexible
* Significant carbon emissions Carbon neutral
* Delivery systems vulnerable Secure and resilient
* Aging infrastructure More consumer driven

Updated 3/10/2015
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U.S. Consumption and Generation

US primary energy consumption by fuel type
Quadrillion Btu

US electricity generation by fuel type (TWh)
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Source: http://www.bcse.org/images/2015%20Sustainable%20Energy%20in%20America%20Factbook.pdf
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U.S. Electricity Nameplate Capacity and Generation

U.S. Electric Nameplate Capacity (2013): 1,155 GW

28.8% Coal 0.0% Nuclear

U.S. Renewable Capacity: 171 GW

14.8% Renewable Energy < _ I.

0.4% Other & & S SF
42.5% Natural Gas 4.5% Petroleum S de oS o
o e e e
‘3\“ dp":b \4.3
o 4]
q_.:.b kn]

U.S. Electric Net Generation (2013): 4,074 TWwh

38.9% Coal 19.4% Nuclear B

U.S. Renewable Generation: 534 TWh

1315% Renewable Eneray < IS 1

0.6% Other & &L & o
0.7% Petroleum .?ﬁ o dpqﬁ“@é@ e
-
L § B D e
27.3% Natural Gas ‘3.,:’-" ':Eup" 2

o o
Sources: ElA, Larry Sherwood/Interstate Renewable Energy Council (IREC)
Other includes pumped storage, batteries, chemicals, hydrogen, pitch,
purchased stearn, sulfur, tire-derived fuels, and miscellaneous technologies.
"Grid-connected only 10 Source: NREL 2013 Data Book
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Global New Investment in Renewables

7%, 16%
-9%

17%

AL $310bn

32%

0.5% $272bn $268bn

$205bn il $206bn
36%
$175bn

$128bn

2004 2005 2006 2007y 2008 2009 2010 2011 2012 2013 2014

Mota: Total values include estimatas for undisclosed deals. Includes corporate and governmeant RED, and spending for
digital energy and eanaergy storage projects (not reporied in guarterly stafistics). Sowurce: Bloomberg Mew Enargy Finance
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New Investment by

Region and Sector

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
»EMEA = AMER mAPAC
t=: Total values include estir T ur d deals. Includes and government R&D, and spending for

ital arﬁwa‘nderergysmrammeﬁx (not reported in guarterly statistics). Source: Bloomberg New Energy Finance

New Investment in Clean Energy by Sector

New Investment in Clean Energy by Region

Q1020 H..’J. m
013 | 2014

21220 'H....'.A..‘. -HC.“ H.ﬂl H.Q‘C W4 .E. H.. Q304 ‘H. 324
2004 | 2005 | 2006 | 2007 | 2008 | 2009 | 2010 | 2011 | 2012
=Wind ©=Solar mBiofuels mOther

Note: Total values incude estimates for undisclosed deals. Excludes corporate and govemment R&D, and spending for

digital energy and energy storage projects (reported in annual statistics only) Source: Bloomberg MNew Energy Finance

Source: http://about.bnef. com/presentatlons/clean -energy-investment-q4-2014-fact-pack/content/uploads/sites/4/2015/01/Q4-investment-fact-pack.pdf
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Renewables

LENREL

Biopower Geothermal

TRANSPORTATION EHERGY FUTURES SERIES

Moving People

Projected Diomass Utilization for
Fuels and Power in a Mature Market

Moving Freight

Demand

MNATIOMA NEWABLE ENERGY

Hydropower

Potential
cost
savings

€

Moving People

Moving Frefghn

: Demand

Wind Fossil & Nuclear

Source: Renewable Electricity Futures (2012)

Military
Pipeline




Looking Toward Implementation

Executive Summary

Wwind Vision:
A New Era for Wind
in the Unit: Mobilizing Public Markets to

HINREL

Examination of Potential Benefits
of an Energy Imbalance Marhet

Photovoltaic (PV) Pricing Trends:
Historical, Recent, and Near-Term

Projections

Transmission Planning Process and

THE NEXT GENERATION Finance Renewable Energy Opportunities for Utility-Scale Solar in the Western Interconnection
Projects: Insights from Expert Engagemont within tho Western o S
OF RENEWABLE Stakohdidors Electricity Coordinating Council e O, i

ELECTRICITY POLICY S wEce) 1 Kg . Ky
ot moe ol icn i -l

HOW RAPID CHANGE IS BREAKING DOWN

CONVENTIONAL POLICY CATEGORIES

Joff Hom, David Hurkas, Michas! Miligan.
ke Mormare: -

Beyond Renewable
Portfolio Standards

A Amessmern o seginal Supoty and
‘Demond Concitons Aecting the Future of
Renemabis Energy m the West

Benefits of distributed generation

Status of Net Metering:
Assessing the Potential to
Reach Program Caps

J. Heoter, R_Gelman, and L Bird
Mational Renewasle Eneray Laboratory.

Economics of technical pathways

An Analysis of the Impact of
Balancing Area C

_, 7 gt Implications of high penetration
WESTEBN\;;'ii‘JgA;DSOLAR ) N renewables

INTEGRATION STUDY:
EX ARY

Value of regional cooperation




Innovation, Integration, and Adoption

Reducing Investment Risk

* Enable basic and applied clean
energy technology innovation

* Accelerate technology market
introduction and adoption

* Integrate technology at scale

* Encourage collaboration in unique
research and testing “partnering”
facilities

Mobilizing Capital
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Presenter
Presentation Notes
NREL plays a unique role in solving our nation’s energy challenges by reducing investment risk. We partner with private industry, government, and research institutions to develop and validate technologies and manufacturing processes, We act as an innovation catalyst for private industry, thereby encouraging private investment in promising new products and companies.

We have more than 80 active licensing agreements with private industry to bring NREL-developed intellectual property and inventions to market.

We have 130 cooperative research and development agreements (CRADAs) with industry partners to research, test, and validate new products and manufacturing processes. 

Our unique partnering facilities on our Golden campus enable industry partners to develop and test new products and volume production capabilities at a fraction of the typical cost.
Process Development Integration Laboratory (PDIL) for photovoltaic manufacturing.
Integrated Biorefinery Facility (IBRF) for biofuels development and manufacturing.
National Wind Technology Center (NWTC) located on 300 acres in Boulder County, enables wind turbine manufactures to test and validate their products.
Outdoor Test Facility (OTF) provides independent, real-world testing and validation of solar panels for manufacturers around the world.

Analysis supports all aspects of our work – from research and systems integration – through assisting state, regional and national policymakers to make informed decisions. NREL helps catalyze market adoption of proven renewable energy and energy-efficiency products and technologies through our deep analytical and consulting capabilities.  Our experts consult with standards organizations, utilities, builders, consumers, and state and federal agencies. NREL provides information and tools to help communities, industry, and government select the most impactful technologies to reduce their fossil energy use.


Technology Innovation

HOMES, BUILDINGS,
TRANSPORTATION ELECTRICITY GENERATION g mOMES, BUILDIR
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o <1% of U.S. power generation .= -
0 <$2t0 $6/W: LCOE 7 to 16¢/kWhr =
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Worldwide PV Manufacturing

Global Solar Module Production, 2013: 39,985 MW

By Country By Manufacturer

China 64% Others

Europe 9% 25,610 MW B61.5%

3,666 MW
Solar Frontier 2.5%

. Japan 6%
2,426 MW Flextronics 2.6% \
United States 2% By Technolo cera 3.0%
943 MW / ¥ ay p :::SDI 2 0% /
Rest of World 2% n ars

970 MW JA Solar 2.1%

Sharp 2.1%

. First Solar 4.1%
Rest of Asia 16%

6,370 MW Canadian Solar 5.1%

Trina Solar 6.4% \ﬁngh Solar 65.6%

Mono c-Si 24% i .
0354 W IA b -1 o5
CdTe 4% .
1640 My CIGS3%  a-Si3%
1271 MW 1,254 MW
Source: GTM PV News, May 2014 66 Source: NREL 2013 Data Book
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PV Technologies

High Efficiency Thin Films — Improved carrier
lifetime and development of doping techniques

will boost commercial module efficiency to 16%.

Si Tandem Cells — Potential to increase the best
cell efficiencies by 10%, to over 30%.

Low Cost IlI-V 1) & 2J Cells — Potential to lower
l1I-V growth cost by 1 — 2 orders of magnitude.

“Kerfless Si” Wafers & Cells — Potential to cut
supply chain capital investment by 50% with
comparable cell performance.

Perovskites — Very new polycrystalline thin film
technology that has already demonstrated n >
17%.
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Top junction solar cell

1.5<E,,<19eV

photon energy (eV)
2 15 105038 o7

T G173 g\é}ball speﬁrum

top junction

Silicon bottom junction

X =CI
B = Pb, Sn. Ge
A=

Liu et. al., Nature 2013




NSF Clean Energy Research: Optical and Nanostructural Control of Visibly-
transparent Small-bandgap Excitonic Semiconductors For Integration in
Highly-efficient Transparent Photovoltaics
Michigan State University, Award CBET- 1254662

" t -
—

A transparent solar energy module that selectively Art and Energy: High School Students use
captures infrared light is shown. These devices luminescent paints developed in our lab to paint

are creating a new paradigm and new markets for  colorful luminescent solar art paintings that can also
aesthetic solar energy harvesting generate electricity and inspire students in STEM
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—Zn0 or MoO,

—PTB7:PC,,BM

— PEDOT:PSS or ZnO
Wi, — Au x-shaped
Nanohole Mesh

(anode or cathode)
Glass substrate

PN
—

High Efficiency Photovoltaics Through
Engineering Spontaneous Emission
University of Maryland, Award CBET- 1335857

Plasmonic Wide Angle Light Concentrators for
Bulk-Heterojunction Solar Cells University of
Washington, Award CBET- 1346859
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NREL Research: Wind

* U.S. Capacity:
o 66GW
o 3-9 cents/kWh V
o/ Installed cost/$1 .00-5S1. 90/W
. Gljbal Capacity: = i' o
370 GW I | i|

Updated 3/10/2015

MNATIOMNAL RENEWABLE ENMERGY LABORATORY 17


Presenter
Presentation Notes
U.S. ranks 2nd in world for installed wind capacity equal to nearly 4.5% of total electrical demand
Over 14,600 MW of wind under construction



Cumulative Wind Capacity — Top 10 Countries

A Canada: 7.8 GW United Kingdom: 10.5 GW Denmark: 4.8 GW
i [ = Germany: 347 GW
-3 A Spain 23.0 GW 5
- " ltaly: 8.6 GW
France: 8.3 GW
United States: 61.1GW
China: 914 GW
India: 20.2 GW
|:||:| a1.4
B 611
< 10 347
» 207 23.0
“l4g 78 83 8 105
o -
_:r e " \\. &L .:\" \ ._"'\. = ¥ 53
y P @ \_.:- > %
S ;s \' Lt \.\-
o =3
) .
Includes offshore wind 57
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Wind Technologies ATMOSPHERE

TO ELECTRONS
DOE Thrust: Atmosphere to Electrons , U,SDEPARTMgT OF ENERGY

* Wind farm system improvements

. ) /] ¢

* Component improvements el AR
— Modular large components — blades, drivetrains, @ - /
and tall towers - | " 3

— Advanced drivetrain power conversion systems » | I"lllmullm

— Flexible, ultra-large rotors and systems

— Active controls for structural load reduction,
improved wind plant performance, and grid-
friendly operation
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1801

NREL Research: Energy Analysis and Decision Support

Cumulative Installed Capacity (GWY)
588383

& e G o e
B PR - - g e

Techno-economic analyses identify R&D areas with high potential for
impact

*  Collaboration across national labs in support of the Quadrennial
Energy Review (QER)

*  Technical Assistance to FEMA and States in Rebuilding Following
Weather Events/Disasters

*  Analyses and Technical Knowledge Reduces Risk in Federal
Investments
o Treasury 1603 Grants (Technical review of 98,816 clean energy projects to date, with
$23 billion in funding)
o Navy-NREL Joint Technology Demonstrations in Hawaii and Guam (direct, recurring
annual savings of 1 GWh)

*  Joint Institute for Strategic Energy Analysis (JISEA)
o Integrates capabilities across institutions
o Provides analyses and information on clean energy in context of other energy

MNATIOMNAL RENEWABLE ENMERGY LABORATORY 0



Sheetand stack:
225 cells per hr

Sheet Anode
$2.25MM per station

240 cells per hr 300 cells per hr

Sheet Cathode $BS0K per station $300K per station

300 cells 300 cells per hr 300 cells per hr

v
$300K per station S600K per station $1.0MM per station

170 cells per hr 96 hours per cell 300 cells per hr 300 cells per hr
$2.7MM per station $300K per station $0.75MM per station

MS]
= Margin
Cost

Modeled Factory Gate Prices for 45 m Blades Manufactured in Five Countries

22500
5200000
sarsn00

U.S. Case: Regression Analysis
. % Materiats Discounts (96)
= Margin & Cost of Gapasl Indigenous Regional Scale and

Factors: Incentives: Supply-chain:

E |
Expected Inflation (%)
= = g ($0.01W $0.05/W $0.22/W Copst Rocovery Rote (96 B -
— . 7 e N~
Labor Cost - Skilled (MuRiplier) . Al AL
i ' i X r - » Electricity Price ($ per kWh)

Brazil Denmark Mexico

Current $U.S/W

Current §U.S. per blade

Comporate Tax Rate (36}

Equpment Installation Costs (%)
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NREL Research Ener

Systems Integration

......

* New advanced inverters
allow distributed generation
to provide grid support

* Smart grid roll outs under
ARRA |

* |IEEE Interconnection
Standards

* 45 partners

e ~$S20M level of effort
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The New Frontiers: Integration and Scale

Integration of high-penetration renewables requires enhanced system-
wide flexibility
— Variable supply and variable load
— Increased distributed resources
— Enhanced energy imbalance market cooperation
— Changing roles of consumers, utilities, investors, power providers,
vendors, and regulators
* Regional considerations continue to drive progress
* Production scale and supply chain crucial to lower manufacturing costs
* Investment in technology R&D imperative
— Better monitoring and measurements
— Advanced analytics processing and control
— Demand-shifting and load profile shaping techniques
— Two way power flow control electronics

MNATIOMNAL RENEWABLE ENMERGY LABORATORY
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Presentation Notes
In the Center City District of Philadelphia, there is a 3 kW PV rooftop installation. 


Key Attributes of a Modernized Grid

Sensing and
Measurements

Devices and Integrated
Systems

Modern
-ization I

System Operations and
Power Flow

Security and Resilience

Institutional Support

NATIOMNAL RENEWABLE ENMERGY LABORATORY

e Visualization tools that enable complete visibility of
generation, loads and grid dynamics across the electric
system

e Establish common test procedures and inter-
operability standards for devices that can provide
valuable grid services alone and/or in combination

* Develop advanced real-time control technologies to
enhance the reliability and asset utilization of T&D
systems

e Create grid planning tools that integrate transmission
and distribution and system dynamics over a variety of
time and spatial scales

* Develop advanced security (cyber and physical)
solutions and real-time incident response capabilities
for emerging technologies and systems

e Provide tools and data that enable more informed
decisions and reduce risks on key issues that influence
the future of the electric grid/power sector


Presenter
Presentation Notes
These are the functions we need. Each requires us to answer tough questions.


NREL + SolarCity and HECO

TECHNOLOGY ADDRESSED
Interconnection challenges when
connecting distributed PV into the
electrical distribution grid such as in
Hawaii (HECO).

R&D STRATEGY

Inverters from various manufacturers will
be tested at ESIF using NRELs unique
power hardware-in-the-loop capability to
evaluate system-level issues such as anti-
islanding and volt-VAR support.

IMPACT

Hawaii is moving towards 50% renewable energy and this project
will work to improve the safety, reliability and stability of the
electric power systems that include high levels of distributed PV.
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To achieve a
clean energy
vision, we must...

Invest in innovation
Invent the future we desire
Improve access to capital

Partner on a global scale



<X “'i, SR

SRS TR B T TR
" -"":- %\3:;@“_ ::3_" o - hl{b\;}"g "C-._-
v e-l-!g .- .__“._ e

LA L 2 £ s

= For more than 35 years, NREL has delivered
::NREL S R e
NATIONAL RENEWABLE ENERGY LABORATORY innovation impact enabling the emergence

of the U.S. clean energy industry.

ormation, please visit our websi

SEXSO% .nrel.gov: o0
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Global Renewable Electricity Capacity

Factbbok primary energy consumption by fuel type

GWwW

1600 - B Hydro D ower 77T T
= Py

1,400 —----------- D P™ ™ oo
B Geothermal

1,200 - B Wind 0 oo
B Biomass

OO T T e e e T

SO0 [ T

600 —-

AQD —-

200 -

2000 200 2002 2003 2004 2005 2006 2007 2008 2009 2010 20m 2012 2013
*Grid-connected only
**C5P includes Concentrated Photowvoltaic (CPV)
Source: Renewabde Energy Policy Network for the 21st Century (REMN21T) 42 Source: N REL 2013 Data BOOk
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Fossil fuels

78.4%

Modern Renewables

10%

2.6%

Nuclear power

Source: REN21 Global Status Report 2014
http://www.ren21.net/portals/0/documents/resources/gsr/2014/gsr2014_full%20report_low%20res.pdf

Biomass/
geothermal/
solar heat

4.2%

1.2% 0.8%

Wind/solar/ Biofuels
biomass/
geothermal
power
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Electricity Production (vear end 2013

Fossil fuels and nuclear

77.9%

wind 2.9%

Renewable
electricity

22.1%

Bio-power 1 .8%

solarpv  0.7%

Geothermal,
CSP and

Ocean 0.4%

Based on renewable generating capacity in operation end-2013. Data do not add up due to rounding.

i=The GSR 2013 reported a global total of 990 GW of hydropower capacity at the end of 2002; this figure has been revised downward due to better data availability
This adjustment also affects the global figure for total renewable power capacity. In addition, global hydropower data and thus total renewable energy statistics
in this report reflect an effort to remove capacity of pure pumped storage from the totals. For more information, see Methodological Motes, page 142,

Source: REN21 Global Status Report 2014

http://www.ren21.net/portals/0/documents/resources/gsr/2014/gsr2014_full%20report_low%20res.pdf
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Worldwide Renewable Power Capacity

Figure 4. Renewable Power Capacities in World, EU-28, ERICS, and Top Six Countries, 2013
M CS5P and Ocean Power
Geothermal power

LABORATORY

Gigawaltis
S0 560
Gigawatts
=00 120 118 B Bio-power
I Solar PV
400 ;‘m === =====- g3----==-==--= B Wind power -
'
ST
a0 32 31
e 27
[ ]
20
o
Whorld EW-28 EBRICS China United Gearmany Spain Italy India
Total States
Mot imcluding hydropower
Source REN21 Renewables 2014 Status Report
http://www.ren21.net/Portals/0/documents/Resources/GSR/2014/GSR2014_full%20report_low%20res.pdf
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U.S. Electricity Generation Mix

US electricity generation by fuel type (%) US electricity generation by fuel type (TWh)

100% A 4.500 -~
" Renewables 4 000 = CHP
(including hydro) - - -
80% 3.500 7 7 L Renewables
= Natural gas 3,000 (including hydro)
60% 2,500 “ Matural gas
m Nuclear 2,000
40% 1.500 = NMuclear
= Oil 1.000 = Oil
20% 500
0 m Coal

m Coal
0%

2007
2008
2009
2010
2011
2012
2013
2014

2007
2008
2009
2010
2011
2012
2013
2014

Source: http://www.bcse.org/images/2015%20Sustainable%20Energy%20in%20America%20Factbook.pdf
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EMEA NEW INVESTMENT IN CLEAN ENERGY BY Bloomberg

NEW ENERGY FINANCE

SECTOR

79

255
236230 ,

0.7 . .
AT.
166 1?.44 .l 16.7
14.0 '
1.1 '
758, 4 II

!la! i !,l HQ401020304 ‘HHO ‘E!”!!hwm!,l HI‘I Q41020 ‘HOHH"OH! oM

2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
u'Wind ©Solar = Other

237

160

I

Note: Total values indude estimates for undisclosed deals. Excludes corporate and govemment R&D, and spending for
digital energy and energy storage projects (reported in annual statistics only). Source: Blcomberg Mew Enengy Finance
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AMER NEW INVESTMENT IN CLEAN ENERGY BY Bloomberg

NEW ENERGY FINANCE

SECTOR '

224
202 201
73 174 183 188 g
| 128 147 g 147
133 1358124 137 10. ,;- 2.
"z g 120 9101 ﬂ
33433 I
28 Il Il.

204 g24
162.01.8 | I |_ -l =

nﬂn W0 !t Q30401020304 00 o Q4 OEEO !M;E! l‘n YO lt.n 401020 -Htom Q4 tt Q n
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014
wWind ©Solar = Other

Mote: Total values indude estimates for undisclosed deals. Excludes corporate and govemnment R&D, and spending for
digital energy and energy storage projects (reported in annual statistics only). Source: Bloomberg Mew Energy Finance
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APAC NEW INVESTMENT IN CLEAN ENERGY BY Bloomberg
SECTOR

5 191
1_' 578
1m
939590
5 78
6055 61
414243 2E

BT L H
Hﬂ::;:anﬂnnnﬂoooﬂwqoquanwanﬂﬂnnnhn adatadadadaiodadod

2004 2005 2006 2007 2008 2009 2010 201 2012 2013 2014
mWind ©Solar = Other

Mote: Total values indude estimates for undisclesed deals. Excludes corporate and govemment R&D, and spending for

digital energy and energy storage projects (reported in annual statistics only). Source: Blcomberg Mew Energy Finance




NEW INVESTMENT IN CLEAN ENERGY BY ASSET Bloomberg

NEW ENERGY FINANCE

CLASS

524 519

120 1320
9390‘“

n1Zazadatiozazadatodasadaiiodasadaloznindaiozasada lozadadatazaindatozaindalazaiadaladasad
2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014

® Azzet finance® @ Public markets  ®VC/PE  ©Small distributed capacity
*Asset finance adjustad for re-invested equity
Note: Total values indude estimates for undisclosed deals. Excludes corporate and government R&D, and spending for
digital energy and energy storage projects (reported in annual stafistics only). Source: Bloomberg New Energy Finance
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